SOCRATES 

ANDTHh 

THREE LITTLE PIGS 

Pictures by Mitsumasa Anno • Text bv Tuvosi Mori 





OiKi' upon .1 lime there wen* i lirrle pigs. Srxrau-s the wolf often 
il K‘iii playing in (lie field near his den How happy they look! he 
thought. Socrates was a philosoplx-r and spent a lot of time thinking 
and talking about thing.' like happiness with lit. I tier id Pvthagoras the 
Irog. So much thinking and talking had made Socrates quite tlun. 
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Km Xantliippc, his wile, was ntther chubby. She had no patience 
with thinking. Six- was hungry, and that made hereof Now she 
pulled ext tlx- rope that was tied to Socrates’ tail and asked him, 
'When are we going to cat?” 
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Now it vv.is nighttime. ’IV 3 kttk pigs would lx- in M. 
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“It would he best to catch I little piggie alone," advised Pythagoras 



Hut which house should Socrates look in? 14 5 piggks, S houses” 
said Socrates. “I’ll have to think about this problem in an ordeHy 
way. Let’s think al*out the tirst little pig. 



“Next let’s think about tlu suim.l link- pig. 












Luckily, Pythagoras the* frog was a mathematician. I Ic was ven gcx: 
with numbers. "Look at it this May,” Ik- told Soc rates. “Hm> is a 
tree with $ thick limbs. These .in- like the S |»ssible houses tor the 
hiNt pig. At tlx* end of each big limb there are S branches. I hese ar 
like the possible houses for tlx- second pig. The 5 tw igs at the ends 
arc like the 5 jxissible chokes lor tlx- third pig. There are 5 times 5 
linx-s s c hoices, don’t you sec?” 




Ih.it meant 1_’S choices! Socrates was startled. He hadn't 
realized then* would lx- mi many. Where should he begin? 
“I think I’ll draw all the different possibilities and sec how 
it all looks. ()t course, it woi\ld Iv .simpler if we didn't care 
wAfcfc pig was nfiiYt." 
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Xanthippe was getting terribly hungry. “Come 
oil," six' said. “It doesn’t matter nbich little pig 
you gi t — just get started. It’s dark out, and you 
can’t ull one from another. And they all taste 
alike.” Xanthippe laatrd to lx- kciu waiting. 
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'A good point, mv dear Xanthippe! We’ll color them .ill gray." said Socr 
‘But now look — there is only ! pattern that InnLs like this f 

there an* many that look likr'this ^ f [V' or this j . j '« x ]9], 
we hgure this out. Pythagoras? When- would we lx*, most likdy to find a 
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‘ Well, I i hin l \\i‘ started with too hard a question. 
I rt s make it a bit easier. Suppose each house 
«.in liokl just. 1 little pig. There an.' no roommate- 
Now let's mv what the possibilities an .” 








"All light. Here is the !»im little 
just like before. 


| Mg a g ain - He has S choices, 



‘He could be here 




“Yes. but since tlicn* ran I"- only I pig in each house, there 
arc only 4 houses Hi for ill. second little pig to choose from 





“It depends on where the first little pig is. 
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"Right, and the third little pig has just i.dxnces, but rcmemlxr, 
also has 3 lor each ol the other arrangements and there were 
of those. It is still too hard for me. IStJugoras.” 








“VNVII, maylx* it's easier rn think of it as a tree again,'* said the frog. 
•"Each ol the 3 big limbs is a house tliat the hrst pig could be in. 
I*hen the 4 branches are the houses the second pig can choose from. 
Ilten the 3 twigs arc- the possible choices of the third pig.” 
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5 luvi.'s 4 times 3— that’s 
60.“' >oi<l Scxrates. "I’m going t o 
draw them all cuit and bok -it 
them. It's better than 1 25. but u 
>' -•.ill hard to know which |>g i*> 
vi hero. W hat <k> you ’Kink, 
Xanthippe, mv/lear?” 


“I think vou an- 'voting time,” 
said Xanthippe vTossly, “Who 
■ a tv* which pig vou eat eh ' Ihov 
al taste aliVe in the (lark, 

aii'Wiy.” 






“Well, just think about it carefully. Sup|**e there are 
3 chairs for our 3 little pigs.” 

“Chain} Hut vve were talking about houses, rxit chairs. 
Oli, now 1 see. It doesn’t really matter what we call it — 
you just mean the jilacc where the little pig if. 

So mm let’s see where the hrst little pig can .sit. 1 




or hen .” 


“ Uood - And “ l,KW arc 2 Then- an- still 6 different arrangements, 

lor the second little pig. Hut the third pig had only I jxmfcility 

each time " 



“Now the third littk- pig has only 
I possible eluir to sit in, after the hirst 
two pigs have chosen tlxirs. 


“So the total number ol jx>ssibk- 
arrangement* is 3 times ? times I, or 6." 






“Correct! But do you really understand why? Let me show you 
anothcr'irce. Sot rates. Men* are 1 limbs lor the first pig's choices, 
tlu*n 1 I »ran. In*' on each U n the second pig's choices, and l leal on 
each I tra nch tor the third pig. You can count tin* leases In one*, 
and you'll get the same answer — 6.” 





‘ I 'hars right,” said Pythagoras. “And that answers Socrates’ question." (Sir |«jh- 21.) 

I hat s why each pattern was repeated 6 tmxs. If they liad 5 diairs to sit in, or 5 houses 
to sleep in, they could arrange Llmiselvo in more diflirent patterns, hut each 
pattern would still be repeated 6 times." 





“Well,” sax I Socrates, “1 think 1 VI like to l<x»k al all those 
arrangements in an orderly way, too. Hut’s how 
philosophers understand things. l'\c taken the 60 arrangements 
from pages IH aixl 19 and put them into 6 columns. 
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Reading uerwv the page, voi: rind ih«* patterns an* alike, if vou don’t 
bother about the colors. Reading <kn-n the columns, sou tan see 10 dill’erent 
juttems in each. So there are realh onlv bU diskkxl bv 6, or 10, dillervnt 
ss ays ol combining the pigs in the housed Ijtc problem us solved!" 

































“Wry clev er. Sex rales! But you’ve only worked out the simple case 
where jtisl oik- little pig i.s in a single house. What makes you 
imagine that they’re not all living in one home'” Xanthippe rudely 
spat out a diem 1 pit as die spoke. « 




“To proceed from the simple to the complex is the goal of philosophy, 
my dear," replied Socrates. "So this time I will try to tijniivout 
all the possibilities Let's sec how the little pi^s might be arranged 
inside the same house. What do you think of tint, dear wifey? 









“And for the thinl link- jiig then* an- 7 po^sd ■!*- places, 
2 more ilun In-lorcf" 

^Tr^T^] i 

“Position matters in t lirs example, 
■is 1 pig might lx- ( loser to the 
door tiiaii the otlxr Then he 
wixild gel 1 auglw lirst 1 lor eaeh 


choiir by tl« lust pig, the second 

r^^r^.'^i — r — ~-r — i 

pig has ( |xissd)ilitics. as the 

K>© w i i 

pictures show." 
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“Look. cadi pattern 
is repeated 6 i imes, 
just like More " 
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“All, vou 'it- just about 
hnbslicd! Let’s just p.u 
them tn groups til o 
ai.d them!" 
















"Eureka! You’ve solved 
it, Xanthippe! 210 divkl 
by 6 gives us 35 u ava 
in which the 3 little 
pigs could Ik arranged 
in their 5 houses.” 





“ Ilvii let's go and 
catch diem right .away 
"< »i, no' It’s too late! 
We’\c worked all nigi 
k*tig, and it's daytime. 
The piggies aiv all 
out placing already.'’ 
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Sui Xanthippe, aiul Pvthagom k/»kctl on I across the green 
rneai,ovv r, *7 f h '- Bowers oglin' in rite lirst ra\*. of the mom 
sun. JV v saw fin- 3 little pigs running aiu] paving in the gnos. 
t a peaceful scene. “How hapnv ihev took!" exclaim^* Sorr.it 
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■ink x* o' should cat those nice little pjggiex, after 
ualK, I’m not hungry anymore,” atlniiiuil Xantl 
' 8° V li y "> th th«n and be friends,” said Vk rat 
mi.I Pythagoras. “Hvit’s the best solutirxi of all! 









A Note to Parents and Other Older Readers 


Although this booh tan be enjoyed just for the 
story and pictures, it has much more to offer than 
hrst meets the eye. For this is really an illustrated 
Ivxik alsout combinatorial analysis, mathematical 
permutations and combinations. However, the 
systematic and interrelated drawings and the 
thoughtful questions raised in the text allow even 
young children to explore the foundations of 
these advanced ideas. 

Combinatorics, or combinatorial analysis, is 
one of the most useful concepts in modem mathe- 
matics — indeed, it might be said that the study of 
patterns and combinations « mathematics. Com- 
binatorial analysis is a basis for computer pro- 
gramming, simplifying choices and showing not 
just all but also the lx>t possibilities. It can be used 
in- serious ways, such as in economic planning, or 
it can show you, for instance, the best routes to 
take when planning a Mislay trip to multiple 
locations. It can tell you the probability that vou 
will get a straight flush in your poker hand, or the 
chances that Socrates will find the piggie he wants 
in tin- hrst house he looks in. < Actually, in this 
l*x»k one cannot help suspecting that Socrates and 
Pythagoras may have uv-d then lengthy explora- 
turn of the subject to a>c.\l haying to catch inc 
charming little pigs for greedy Xanthippe to cat!) 

At a higher level, matliematiciam use conve- 
nient lormulas for combinatorial analysis but 
often cannot explain their significance. In Uiis 
book we have tried to make the underlying princi- 
ples clear in pictures anti words that can be un- 
derstood by anyone who can count and do simple 
multiplication. 

A jKimutation is any arrangement of lb*' ele- 
ments of a set in a dtpniie aider For example, 


suppose the three pigs ilccidcd to find all the yvavs 
tlut they Could line up in groups of two. How- 
many different arrangements could they form? 

Designating the pigs as A, B. and C, we can 
form six groups of two: 

AU. AC, BA, BC, CA. and CB 

Notice that each arrangement can be paired with 
another that has the same elements: AB with HA, 
AC with CA. and B( ' yvith CB. But the members 
of each pair are not equivalent For instance, the 
case of Pig A in front of Pig B is clearly not the 
same as tliat of Pig B in front of Pig A. The order 
docs make a difference. H*rreforr we are dealing 
with permutations, and there are six. 

In a combination, liowcvcr, the order of the 
objects in an arrangement *itv> i*x nwner For ex- 
ample, suppose the three pigs learn of Socrates 1 
plot. Sincv they they arc thinking animals just like 
the wolf, they decide to form a committee of two 
pigs (while- one pig stands guard) to decide how to 
deal with the problem How many different com- 
mittee-. can they form? 

In this problem. »v» are again forming arrangr- 
nxiits of Iwci elements from a mi i>( three objects, 
.. .-an start in ..stii.^ -..me six pemuita- 
tions. But this time the pairs that have the same 
elements are equivalent. For instance, a committee 
of Pig A and Pig B is the same as a committee of 
Pig B ami Pig A. So the six permutations are 
reduced to three identical pairs The order in this 
sort of arrangement docs not make a ililhrence. 
rherefore see are dealing with combinations, and 
there are three. 

lilts distinction Ix-tween permutations and 
combinations is introduced throughout the text 



by Socrates’ irritable wife Xanthippe, who points 
out that for her it does not matter which pig is 
chosen Socrates, however, disagrees He colors 
th<* pigs yellow, blue, and red to distinguish them. 
In effect he Ls looking lor permutations. But when 
all the pigs arc colored gray at his wife’s request, 
he finds that mam of (he patterns arc repeated. 
He i\ now looking at combinations, of which there 
are far fewer. 

A> parents and teachers discuss this book with 
children, they should encourage the youngsters to 
draw tlic various permutations for themselves. 
I he task should he undertaken in a systematic 
fashion. If children lose track of the pattern, they 
can always refer to die pic tures in the hook to put 
them lack on course. Children should also be 
encouraged to look for the multiple sets of each 
combination that appear on the pages where die 
pigs arc darkened. 

The story of Socrates and the three little pigs 
can i>C condensed into a simply stated question: In 
how many ways call 3 pigs he- arranged among S 
I muses? But Socrates is faced with many diffi- 
culties in determining the answer, because there is 
a great deal of important information that Ls not 
stated Docs it matter which pig is in a particular 
house or not < permutations or combinations); Can 
more than I pig slay in a house? If more than I pig 
docs stay in a house, docs it matter how the pigs 
position themselves within the house? 

At first Socrates explores the case in which 
more than I pig may enter a house, but without 
regard to tin positioning of multiple pigs w ithin a 
house. Socrates distinguishes the pigs In color. 

I liv pattern is started cm pages 6 and 7 and devd- 
op<d in its entirety on pages 10 and II. The first 
pig can go in any of the 5 houses. Hr has S 
choices lach of those 5 choices also offers S 
options lor the second pig (5 X 5, or 25, choices 
in all), finally, each of those choices provides 5 
options for thr third pig. The tree diagram on 
page 'J visually demonstrates the mathematics: 5 
sets of 5 sets of 5, or S X 5 X 5, or 125, 
permutations in all. 

After c hildren have had a chance to draw the 
jx-rniutatiom, parents may wish to give them the 


opportunity to study related cases. For example: 
How many permutations arc there for 3 pigs 
among 4 houses? (4 X 4 X 4, or 64.) How many 
permutations are there for ? pigs among 5 home*? 
(5 X 5, or 25.) 

As the children study the* combinations on 
pages 1 2 and I i, they should In- encouraged to 
find multiple occurrences of particular patterns. 
There will be 6 pictures of each combination that 
contains I pig in a bouse, and 3 pic tures of each 
combination that contains 2 pigs in a house. 
(There is only I picture, however, for each combi- 
nation that contains 3 pigs m a house.) 

Next, $<x-ratcs Studies tlie case in which no 
more than I pig can stay in a house. Again, the 
first pig can go into any of the S houses; hr has 5 
choices. But this time each of those 5 choices 
offers only 4 options (5 X 4. or 20, choices in all) 
for tlie second pig, because he cannot go into a 
house tliat is already occupied. And from all of 
these arrangements, the third pig has just 3 
choices, because 2 homes are already occu pied. 
The tree diagram on page 17 depicts the mathe- 
matics: S sets of 4 sets of 3, or 5 X 4 X 3, or 60, 
permutations. 

With the pigs darkened on pages 20 and 21, 
children will find that there are 6 occurren. es of 
each combination. Anno shows why on pages 2? 
through 25: A combination of 3 pigs can he ar- 
ranged in 6 ways.* 

Now (page 29) Socrates charts himself a more 
complex situation. He decides to pay attention to 
how the pigs position themselves when 2 or more 
enter the same house. In drawing the possibilities, 
we find that the first pig again can cbixisc anv 
house »"d then fore has 5 choices. For the MMind 
pig things get a litdc more complicated. He can 
rntrr any of the 4 unoccupied cottages, or lie can 
pin the first pig, if he enters tlie occupied house 
he can go to either the left or the right of the 
other pig. Hence tlie re an- 2 options at the oc- 


•On pages It and 1 1 i-d ail ihr (omlufutmni can hr anincrd in 6 
•MW. Ihu U brtau* Staratn <i-n nc« lake into ihr 

diftnrm poiiiiceu ihll arc pouiMc vtfetn f « mot* <-mcr i 
houv. • 



cupted house for a total of 6 choices in all. So at 
this point there are 5 X 6, or 30, options. Now 
for cadi of these possibilities the third pig actually 
has 7 choices. To understand this, we have to 
study 2 possibilities. In the first case (page 32 >, 
there are 4 unoccupied cottages anti I cottage 
with 2 pigs already inside. Here the third pig has 4 
choices from among the empty' houses and 3 
choices from the occupied one, because he can go 
to the left, to tin' right, or between the 2 pigs who 
are already there So we luce a total of 7 choices 
In the second cave (page 34), 3 of the houses an* 
unoccupied and 2 of tlic houses already have I pig 
inside. Here there are 3 choices from among the 
empty houses and 2 from each of the houses that 
holds one pig .Again, a total of 7 choices. 

Once 3gain the tree diagram, this time on page 
$ 3, depicts the total: 5 sets of 6 sets of 7. or 5 X 


6 X 7, or 210. permutations. Since each combi- 
nation appears 6 times on pages 38 and 39, there 
are 210 -r 6. or 3S, distinct combinations. 

It is easy to sec that Socrates’ study of this 
problem could go on indefinitely as he thinks of 
more and more variations. What il each cottage 
also had an attic in which to hide* What if one of 
the |Mgs always stayed in the same cottage? Or if 
one never went into a certain cottage* 

For young children it is not important to solve 
all those problems, but rather to begin to work in 
a systematic manner to create tin- various pos- 
sibilities. From drawing and studying the different 
arrangements, children will discover patterns and 
intuitively begin to develop the appropriate cal- 
culations. Repeated experiences will gin* these 
topics a concrete hasis in children’s minds that 
will give meaning and depth to their later studies 


Mirsmnsv cad is known the world out for his 
many delightful picture books, ami in 1984 lie was 
awarded the Hans Christian Andersen Pri/c. the 
highest honor attainable in the held of children's 
book illustration. A man of main talents and in- 
terests, Mr. Anno shares his enthusiasm for art, 
nature, history, literature, matliematics, travel, 
and people with young readers through his 
uniquely imaginative books. In this book, which 
offers children a learning experience that is as 
pleasant as a game, he hopes to introduce them to 
'The immense Iteauiv and intellectual pleasure 
that is to he found in the world of numbers " 
Horn in |9»f. in I'stmano. "t west.rn Japan, h.- is 
a graduate of the 1 amaguchi it-achcr Training 
College and worked tot some nine as a teacher 
helore becoming an artist. He now lives in Tokyo, 


T\IYOM mow is a mathematician who enjoys tak- 
ing an unorthodox approach to life and to study. 
Rom in Tokvo in 1928, he graduated from the 
Natural Science Department of the University of 
Tokvo. While an undergraduate there he also ac- 
tively pursued his interest in playing rhe Aamixn. 
a Ja|»anese musical instrument, and in reciting 
classical Japanese poetry. At present, he is a pro- 
fessor at the University of Kyoto in the Depart- 
ment of Cieneral education, bxtrcmrly popular 
with his students there and elsewhere in Japan, he 
is known for his open ami easygoing teaching 
vtvle. A prolific writer. he is the author of more 
than .i do/en hooks, including t/.jrA for ihe lar i 
Pencil. Hie hut Hen re Maihcnutus and Mathematics 
pi the Miihhirn. as well as a t.so-volume work. 
Memorandum «nt Mathemoins. 



